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According t o  Sov ie t  and h c r i c z , i  d a t a ,  siibsequent t o  
f l i g h t s  the  m o s t  c l e a r l y  expressed changes a r e  i n  t h e  carCtio- 
v a s c a l s r  system. Such changes a r e  nDted a f t e r  b o t h  b r i e f  (N. 
Pi. Sisakyan,  P .  V. E i i i n ~ v ,  e t  al, 1966) and p a r t i c u l a r l y  
p ro longed  flights, when on t h e  f i r s t  day a f t e r  r e t u r n  t o  e a r t h  
c o i i a p t ~ i d  s t a t e s  may develop when o r ~ h o s t a t i c  t e s t s  a r e  made 
( C i e t l e i n ,  Judy, 1966).  However, Tinder f l i g h t  condi t ions  and 
w i t n  a r e l a t i v e  r e s t  a f t e r  t h e  f l i g h t s ,  u s ing  these  methods i t  
was irn2oasible t o  fietect s i g n i f i c a n t  chsnges o r  tliese changes, 
except  f o r  c l e a r l y  expressed s t r e s s e d  s t a t e s ,  were r e l a t i v e l y  
small and not  c l e a r l y  expressed ( 0 .  G .  Gazenko, 196L; R. Y. 
Eagevskig and 0 .  G .  Gazenko, l9sh; 13. 1.1. Sisalcyan, 1965; N. It. 
Link, 1965; aerrg,  e t  a l ,  1966). 

Tl &afiLLL6 1-:..- acco i~n t  t he  5;reat i x p o r t a m e  sf the 1?orm31 
func t ion ing  of t h e  cardiovascul2r  system f o r  maintaining a 
good s v e r a l l  f e e l i n g  of well-being and a high work c a p a c i t y  
i n  man, and a l s o  t he  prospects  for prolonged space expedi t ions  
and t h e  i n p o s s i b i l i t y  of a n  immediate r e t u r n  of t h e  cosmo- 

f l i g h t s  more p e r f e c t  methods f o r  determining the  f u n c t i o n a l  
s t a t e  and t h e  phys ica l  reserves  of a cosmonaut. Ground exper i -  
rnents and f l i g h t s  of space crews r e v e a l  the  r e a l i t y  o f  ~ u c h  
p ? o p D s a l s ,  The d i f f i c u l t i e s  i n  implementing them are  e rsen-  
t i E l l y  of a p r a c t i c a l  na tu re ,  b u t  t ' ie  v i g o r m s  develDpment 
and in29rovernent of met5ods ( L .  5. Andreyev, 1961; V. I. 301'- 
s h o v  and V. I. Smirnov, 1965'; A. I. Loloterev,  1967), as w e l l  
as i n c r e a s i n g  t e c h n i c a l  c 3 p a b i l i t i e s  ( a .  ".I. 3agevskiy,  e t  a1, 
1963; Lincoln, ~ a n g e ~ s d o r r ,  1966; A .  N, T , ~ S ~ C ? P T I ) ,  a r e  e z c z ' i r -  
agin;, 

nauts  t o  e a r t h ,  i t  i s  d e s i r a b l e  t o  in t roduce  i n t o  such /2 
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A more c o a p l e x  pi-c~tlern is t'ns choice o f  t i e  methods and 
the mos t  adeqi:ate space f l i g h t  condi t ions  becailsc t h e  exper i -  
ments made on the  ground give only some idea  concerning the 
changes which may a r i s e  i n  the  human body i n  space. A c r i t i c a l  

-reed for f u t u r e  r e g i s t r y  of such ind ices  as the  e l ec t roca rd io -  

thess  methods makes i t  p3ssible  t o  eva lua t s  the  s t s t e  o f  fianc- 
t i ons  of a-atoin%tis;rl, e x c i t a b i l i t y  and conduct iv i ty  of' the  car -  

Eeter! i inat ion of the  dura t ion  of t h e  ind iv idua l  phases of' t he  
ca rd iac  cyc le ,  t he  r e l a t i o n  between the  onset and end of t he  
e l e c t r i c a l  and mechanical sys to l e ,  and the  amplitude of t h e  
card iac  tones may be used i n  a s tudy of  i n t r a c a r d i a c  henody- 
namics and t h e  determination of asynchronism i n  the  oper- & 
a t i o n  of the r i g h t  and l e f t  s ides  of the hea r t .  

I ana lys i s  3f the  methods used i n  space f l i g h t s  i n d i c a t e s  the  

I gram, phonocardiogram and seismocardiogran. The combination of  

I diac  muscle and a l s o  the  c o n t r a c t a b i l i t y  of the  myocardium. 

Methods f o r  i n v e s t i g a t i o n  of pe r iphe ra l  blood c i r c u l a t i o n  
apparent ly  w i l l  be of' g r e a t  importance i n  the  f u t u r e  ztudy of  
comonauts  aboard a spaceship.  Successful  a t tempts  now have 
been made t o  measure a r t e r i a l  blood pressure on the "Voskhod" 
and "Cemini" spaceships.  Being a l o g i c a l  cont inua t ion  of  t h e  
e a r l i e r  initiated study o f  t h e  cardiovascular  system i n  space 
i ' i i g n t ,  measurement of a r t e r i a l  pressure t o  a considerable  de- 
gree w i l l  broaden o u r  ideas coccerning the  c h a r a c t e r  and mech- 
anisms o f  development of  d i f f e r e n t  changes i n  hemodynamics . 
the  i n v e s t i g a t i o n  of a r t e r i a l  pressure.  Unf'ortunatelg, i t  mst 
b e  s t a t e d  t h a t  a l l  i n d i r e c t  methods, involving the c y c l i c  
f eed ing  of a i r  i n t o  a cu f f ,  mag be incapeble cf r e f l e c t i n g  
shades of change of pressure under such dpmmic condi t ions  as 
Zpabc; f l i g h t .  Iii oprier  t o  rneastire artexaiai pressure aboard a 
s?aces.hip i t  apparent1;T will be worthwhile t o  develcp r p e c i a l  
servo5gstems . 

W e  made comparative eva lua t ions  of d i f f e r e n t  methods f o r  

,..._..A 

'"!any a u t h o r s  have mentioned the g5od prospects  f o r  us ing  
electroplethysmography during ? l i g h t s  (3. M. Bayevskig, 1965; 
Eerry,  196L, and o t h e r s ) .  Obviously, i t  will be most e f f e c t i v e  
t o  use electroplet',~Nsmograms for s t u d y  of ce reb ra l  blood c i r -  
c u l a t i o n ,  bu t  valuable inf5rmatiDn a l s o  can be obtained in a 
s t u d y  o f  blood flow ii-, the ex t remi t ies .  & 

The a b i l i t y  t o  make per iodic  medical examinations o f  cos -  
xonauts during f l i g h t  w i l l  make i t  poss ib le  f o r  then: t o  be 
f r e e  of an excessive number of t ransducers  and a t  the  same 
t i m e  w i l l  make it p o s s i b l e  t o  c n r r v  slit a d e t a i l e d  s t u < ~ +  0," 

d i f f e r e n t  systems D r  organs. For  t h i s  purpose i t  i s  deemed 
promising t o  develop multipurpose apparatus  wi th  s e t s  o f  

Y 
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t ranscucers  f o r  d i f f e r e n t  meamrements which  w i l l  be carr.ied 
aboard the  s h i p  and  p u t  on by t he  coumorxut himself.  The y - 3 -  

gram for study o f  t he  cardiovascular  system m s t  provide f o r  
the r e g i s t r y  of such ind ices  as a r t e r i a l  p ressure ,  the e l e c -  
trocardiogram, phono- and seismocardiogram, kinetocardiosram, 
sphygmogram of the  a r t e r i e s  of the  e l a s t i c  and muscular types,  
electroplethysmogram, and a l s o ,  obviously,  t h e  parameters of 
metabDlisrn and body temperature. 

Nethgds f o r  i n - f l i g h t  investigation of the  m i m t e  volume 
o f  b l o o d  c i r c u l a t i o n ,  r a t e  o f  b l o o d  f l c w ,  e t c . ,  a r e  a t t r a c t i v e  
but  q.Qestionable due t:, t h e i r  cornplexity and the  unwigldiness 
involved. 

The information t o  be gained i n  2 c m p l e x  examination 
may be i l l u s t r a t e d  using the  exalnple :,f study o f  the  card ig-  
vascular  system when t h e r e  i s  s t imu la t ion  of' t he  human ves- 
t i b u l a r  apparatus . 

Fig. 1 shows t h a t  i n  subjec t  A w i t h  a c l e a r l y  expressed 
vestibular-sutonomic complex of syriptoms the re  were consider-  
ab le  changes o f  t he  s y s t o l i c  and minute volumes o f  the  b l o o d  
( S V  and I n )  and pe r iphe ra l  vasculs r  r e s i s t a n c e  ( P R ) ,  a s  we l l  
as the r a t e  of propagation o f  the p u l s e  wave throu h the  ves- 
s e l s  o f  the  e l a s t i c  type and a F t e r i a l  pressure ( A ?  7 . In sub-  
j e c t  B, who manifested no vestikular-autonomic complex of symp- 
toms,  t h e  hemodynamic ind ices  exFerienced some f l u c t u a t i o n s ,  
but t h e r e  was n o  d e f i n i t e  d i r e c t i o n  o f  the  changes. A l s o  of 
i n t e r e s t  a r e  the  chsnges of the hernodparnic. i n ? i c e s  of' t he  
t h i r d  s u b j e c t  (Fig.  2 ) .  A t  the  onset  he experienced the same 
hemodgnsmic changes as i n  subjec t  B, b u t  then s i&wl taneous ly  
wi th  an  a t t e n u a t i o n  of the hemodynamic changes t h e  v e s t i b u l a r -  
~ I U ~ G I ~ C X I ~ C  ccrcplex of symptoms a l s o  disappeared. 

A s  space f l i e ' l t s  continire and i n t e r p l a n e t z r y  expedi t ions 
a re  oreanized the  need w i l l  a r i s e  f o r  so lv ing  a number of pure- 
l y  c l i n i c a l  problems assoc ia ted  wi th  the  need f o r  an e a r l y  
d iagnos is  and t reatment  of' i l l n e s s e s ,  including d i so rde r s  of  
the  card iovascular  system. 

Since the  r e a c t i v i t y  o f  the body may change considerably 
under the inf luence  cf unfavorable s ace f l i g h t  f a c t o r s  (durk- 
t i o n  of i s o l a t i o n ,  hypodynamia, e t c .  P , the  symptoms 32 ill- 
nesses  probably w i l l  l o s e  some important d i s t i ngu i sh ing  cnar- 
a c t c r i s t i c s .  
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t i ons .  ? o r  example, i t  may Le necessary t o  determine the  a n t i -  
coagulat ion p o s s i b i l i t i e s  of the b l o o d .  Such methods 3s  cap- 

I i l l a r i o s c o p y ,  s tudy of t h e  p a t t e r n  o f  the  ocular  fundus,  e t c . ,  
~ may prove very u s e f u l  i n  de t ec t ing  vascular  neurosis .  

i?unctional t e s t s  w i l l  be of  g rea t  +,portance i n  a s t u d y  
of the card iovsscular  systern. We used t e s t s  w i t h  a c a r e f u l l y  
measurzd phys ica l  load and Valsalva 's  t e s t .  The f i r s t  t e s t  i s  
a load priraayilg Cor t he  g rea t e r  c i r c u i a t o r y  system and tlie 
second pr imar i ly  f o r  t he  l e s s e r  c i r c u l a t o r y  ~ y s t e m .  Tine r e -  
s u l t s  give hope t h a t  the  t e s t s  w i l l  be informative under space 
flight condi t ions a s  wel l .  

I n  a d d i t i o n  t o  the  use  of func t iona l  t e s t s  these  i n v e s t i -  
.* za t lons  obviously a r e  made i n  conbination wi th  o the r s ,  and i n  
p a r t i c u l a r ,  toge ther  w i th  inves t iga t ions  of the func t i5ns  of' 
t he  c e n t r a l  nervous system and work capaci ty .  It  also i s  neces- 
s a ry  t o  make inves t iga t ions  us ing  a conplex method i n  r e l a t i o n  
t o  a d a i l y  regime, t h e  work and r e s t  schedule.  

The implementatfon of  these s t u d i e s  may serve  a s  a b a s i s  
f o r  acconpliFhing automatic checking of the condi t ion  of cos- 
monauts i n  f l i g h t  w i t h  t h e  processing and eva lua t ion  of  the  
r s g i s t e r e d  parameters aboard t h e  s h i p  u s i n g  a coiiiputer w i t h  
t h e  subsequent pr in tcu t  o f  conclusions and reco*m?ndations on  
the  con t ro l  panel i n  f r o n t  o f  the cosmonaut on duty and per- 
i Q d i c  r e l ay ing  of i rJormation on t h e  condi t ion  02' the  crew t o  
ground stat ions.  

These measures apparent ly  w i l l  be necessary i n  order  t o  
ensure the  s a f e t y  of space expeditions on lDng f l i g h t s  of 
g r e a t  du ra t ion  when Ground methods f o r  processing medical da t a  
w i l l  be unsu i t ab le  due t o  the  d i f f i c i ; l t y  o f  c c n t o z t  w i th  the 
e a r t h  and the  need f o r  the crew t o  make imvediate dec is ions .  

/ 7  
In  developing d iagnos t ic  symptom complexes t h e r e  i n e v i c  

ab ly  w i l l  be d i f f i c u l t i e s  due t o  t he  l imi t ed  volume sf f l i g h t  
da t a  and due t o  the  d i f fe rence  of methodological procedures 
and t h e  c h a r a c t e r i s t i c s  of the  sensors .  F u r  t h i s  reason it 
probably w i l l  be des i r ab le  t o  s tandardize t h e  research  nethods 
used and the methods employed ? o r  processing information, a s  
wel l  a s  t3e t ransducers  and instruments.  S t anda rd iza t ion  also 
would a s s i s t  i n  the  nore extensive use D f  t h e  methsds of space 
medicine i n  c l i n i c a l  p r a c t i c e ,  which i n  t u r n  would be an ad- 
d i t i o n a l  check on t h e i r  e f fec t iveness .  
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FIGURE CAPTIONS 

Fig.  1. Indices  of hemodynamics for subjects A and B. Ki th  
cumulative e f f e c t  of C o r i o l i s  force:  a long ho r i zon ta l  a x i s  -- 
1-ecording time ( i n  minutes ) ,  along v e r t i c a l  a x i s  -- recorded 
ind ices  and t h e i r  v e l ~ e s ;  iW -- : i inute  volume g f  b l o o d  i n  
l i t e r s ;  SV -- s y s t o l i c  volurne i n  m l ;  X G  -- frequency of ca r -  
4iac e c n t r a c t i m s  p e r  2 inute ;  Fi? -- p r i p h n r a l  r e s i s t a n c e  of  
dlbU~'.LCz.L sgatem In ai.bitrarg u i t s ;  VP -- ve lcc i ty  o r  r a t e  2f 
propagation of p u l s e  wave throug,n a r t e r i e s  o f  t h e  elastic type 
i n  cirl/sec; AP rnax, l a t ,  mean, p u l s e  -- a r t e r i a l  pressure i n  
Lnr2 3g.  

- 7 i - - t  - 7  

Fig. 2. Indices  of  liefigdynamics i n  sub jec t  C with  cunala t ive  
efi 'act of C o r i o l i s  fo rce .  Notations same as i n  ?ig. 1. 
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